non-explicit code, changing any of the code elements may completely change the meaning of the message. For a neuron to decode a representation, it would be required to connect to millions of other neurons, an anatomically impossible task. Having at least the degree of explicitness to allow decoding some useful aspects of a situation by looking at a relatively small subset of neurons is therefore essential. A code could therefore be defined as explicit if a meaningful aspect of the encoded item can be decoded by considering only a small subset of the code elements (Table 1. ) While a binary neuron always divides the world into 'active' and 'inactive' classes, these classes are only sensible in terms of generalisation in the case of explicit codes. In highly explicit codes, the observation of even a single neuron can tell us whether the stimulus belongs to a useful category or not. It also simplifies making associations and generalisations with that category.
While explicitness in terms of 'feature detectors' at lower levels of the visual processing hierarchy have been known previously, the main theoretical significance of the new MTL results [6] is that explicit neurons exist at the highest levels of representation, an idea many theoreticians may have dismissed earlier. Carefully distinguishing the issues of sparseness, selectivity and explicitness of individual stimuli and cells, we will find no contradiction between the high level of selectivity and invariance expected of a hypothetical 'grandmother cell' while avoiding having to claim that these neurons are the only ones in the brain that respond to these specific categories. In fact, the question of explicitness can only be answered with respect to well-defined categories [18] . With a set of overlapping, partially hierarchical set of categories, the neural code may best be analysed with Formal Concept Analysis [19] . This method may replace the 'grandmother cell' question with a detailed insight into the internal structure of the neural code and its connection to items in the world. 8 Membrane Biogenesis: Networking at the ER with Atlastin
The peripheral endoplasmic reticulum forms a dynamic network of interconnected membrane tubules. Although some determinants of this striking architecture are known, the mechanism underlying fusion of individual tubules has remained elusive. Two studies now identify atlastin proteins as key mediators of homotypic fusion of endoplasmic reticulum membranes.
Hesso Farhan and Hans-Peter Hauri*
The endoplasmic reticulum (ER) is composed of three distinct but continuous membrane regions: the nuclear envelope, the peripheral reticular ER and the peripheral ER sheets [1] [2] [3] . The nuclear envelope is stabilized by the interaction of inner nuclear membrane proteins with chromatin and the nuclear lamina. The peripheral reticular ER owes its appearance to three-way junctions between ER tubules. It has always puzzled cell biologists how this complex and highly dynamic network is generated and maintained. Originally, motor proteins and the cytoskeleton were thought to be the major determinants for the reticular shape of the ER [4] in conjunction with cytoskeleton-linking membrane proteins (CLIMPs), such as CLIMP-63 [5] . However, this turned out to be too simplistic a view: the ER responds only slowly to microtubule depolymerisation agents, and an ER network can be formed in vitro in the absence of micotubules [6] . Previous work from Voeltz et al. [7] led to the identification of two classes of membrane proteins required for the reticular appearance of the ER: the reticulons, comprising four mammalian and two yeast isoforms; and the DP1/Yop1 family, comprising six mammalian DP1/REEP members and the yeast homologue YOP1. These proteins were suggested to deform the ER membrane owing to an unusual hairpin topology of their hydrophobic segments [7] . In a recent study, Hu et al. [8] have now identified that atlastin proteins, dynamin-related membrane GTPases of previously unknown function, are new determinants of ER morphogenesis. Atlastin-1 (also termed SPG3A) is frequently mutated in the human disease hereditary spastic paraplegia (HSP) [9] . The motivation for studying atlastins was the observation that the DP1/Yop1 family member REEP1 is also frequently mutated in HSP [10] , pointing to a mechanistic relationship between the two protein classes. Indeed, the authors show that all three atlastin isoforms bind to the reticulons 4a and 3c and to DP1 in a GTP-independent manner [8] . While Atlastin-2 and -3 are localized to the ER [11] , endogenous Atlastin-1 has been reported to localise to the cis-Golgi in neurons [12] , so Hu et al. [8] determined the localization of the atlastins in their experimental system -COS cells. In moderately overexpressing cells, all atlastin isoforms showed ER localization, but the relevance of this finding is uncertain as it does not provide information on endogenous atlastin. Moreover, Atlastin-1 has been reported to be mainly expressed in the brain, while Atlastin-2 and -3 are ubiquitously expressed [11] . Hu et al. [8] found that, in COS cells, overexpression of wild-type Atlastin-1 resulted in the formation of aberrant sheet-like structures, but overexpression of a GTPbinding-deficient mutant induced long unbranched ER tubules, as also seen following knockdown of Atlastin-2 and -3. Biochemical evidence supporting a function for atlastins in ER morphogenesis was provided by the observation that an anti-atlastin antibody inhibited ER network formation in an in vitro assay [8] . The authors conclude that atlastins localize to the ER, interact with ER-shaping proteins and contribute to ER morphogenesis in a GTPasedependent manner.
In order to generalize their findings, the authors sought to determine whether atlastin plays a role in yeast. Although previous studies had not identified an atlastin homologue in yeast, Hu et al. [8] reported that Sey1p, an integral membrane protein with two predicted transmembrane helices and a dynamin-like motif in its GTPase domain, is in fact the yeast atlastin homologue. Sey1p interacts with Yop1p (the yeast homologue of DP1) and Rtn1p (the yeast reticulon homologue). As in mammalian cells, this interaction was not dependent on GTP binding [8] . Deletion of sey1 alone did not perturb ER morphology [8] , reminiscent of the effects of rtn1 or yop1 single deletions, which have also been shown to have no effect on ER structure [7] . However, the combined deletion of sey1 and either rtn1 or yop1 resulted in loss of reticular ER. Collectively, the observations by Hu et al. [8] indicate that atlastins mediate homotypic fusion of ER tubules and thereby contribute to the reticular morphology of the ER.
Direct evidence for the notion that atlastin promotes ER fusion comes from a recent study by Orso et al. [13] carried out in Drosophila, which has only a single atlastin orthologue. Drosophila atlastin localized to the ER and its loss caused fragmentation of the ER [13] . The fragmentation phenotype is at variance with the finding of Hu et al. [8] Membrane tubules emanating from the nuclear envelope are deformed by the hairpin domains of reticulon and DP1/Yop1 proteins [7] . Atlastins mediate tethering and fusion of adjacent tubules and these fusion events lead to the characteristic network morphology of the ER [8, 13] . The ER is further stabilized by microtubules, motor proteins, CLIMPs and most likely additional proteins [2, 18] (not shown in the figure for the sake of simplicity).
tubules. Second, although depletion of atlastins in cell culture leads to long unbranched ER tubules, a closer inspection of the images reveals that the ER is still reticular but there are more unbranched tubules, and the degree of reticulation is reduced [8] . Third, fragmentation of the ER upon loss of Drosophila atlastin was confirmed with a fluorescence loss in photobleaching assay [13] , which was not carried out in mammalian cells [8] . Thus, the discrepancy may be due to technical reasons. Overexpression of Drosophila atlastin resulted in the formation of expanded ER cisternae [13] . The authors state that this is due to hyperfusion, but other interpretations are possible. Atlastin interacts with reticulons and DP1/Yop1, which are oligomeric complexes [8] . One alternative reason for the generation of these large membrane cisternae could be the formation of toxic aggregates, which would also explain the severe block in secretory trafficking in atlastin-overexpressing cells [13] . The fact that overexpression of GTPase-deficient atlastin does not induce this phenotype could then be explained by the finding that this mutant does not trans-oligomerize and thereby membrane aggregation is prevented. Finally, and most importantly, Orso et al. [13] show that atlastin mediates fusion of proteoliposomes. Fusion was dependent on intact GTPase activity but was not affected by changing the lipid composition of the proteoliposomes [13] . These elegant experiments provide compelling evidence that atlastin can drive membrane fusion.
With atlastin, these two complementary studies have not only identified a new player in the process of ER network formation but also a new function for this member of the dynamin superfamily: membrane fusion. Dynamins have been mainly considered to be universal lipid-stretching/fission molecules in many different cell compartments [14] as well as movers and pinchers during cell migration and invasion [15] , although the mitochondrial dynamin-like proteins Fzo1/Mfn and Mgm1/OPA appear to act in membrane fusion [16] . Unlike viral fusion, whereby protein fusogens are associated with one of the fusing membranes, and SNARE-dependent fusion, whereby the two opposing membranes carry different but complementary sets of fusogens, ER fusion seems to require the same fusogen on both membranes. How exactly atlastin promotes homotypic fusion remains to be elucidated.
Considerable insight has been gained into the role of the ER in protein quality control and folding. Likewise, the mechanisms of transport to and from the ER have been investigated in great detail. By contrast, what determines the shape of the ER has remained unclear. The recent studies suggest the following scenario: reticulons and DP1/Yop1 family members deform membranes by providing the curvature needed to form tubules, and atlastins then mediate fusion of these tubules to create a network, which would be stabilized and modeled by the cytoskeleton, motor proteins and CLIMPs (Figure 1 ). Although it is tempting to accept this answer as final, it seems likely that further ER-shaping candidates will emerge since many questions remain unanswered. Why would the network only be formed by fusion of tubules? Could active branching of tubules be an additional mechanism? What prevents the reticular ER from fusing with peripheral ER sheets? Is it because the latter are largely devoid of atlastins? Related to this point, it is noteworthy that, during mitosis, the ER shape changes from a mixture of tubules and sheets to tubules only [17] : the sheets do not disappear, but instead fuse with tubules. Another interesting issue is the regulation of ER structure when it undergoes drastic changes. For instance, what role do ER-shaping proteins play when non-secretory cells differentiate into professional secretory cells, such as during the transition of B lymphocytes into plasma cells? Finally, perhaps the most important question: why is the ER reticular at all? Clearly, these important questions will fuel future research efforts.
